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A world leader in crane and rigging 

training and consulting. 

 

WHO WE ARE 

We Rig It Right! 
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We Serve a Variety of Industries 

• Aerospace 

• Chemicals 

• Construction 

• DOD 

• DOE 

• Electric Utility 

• Hydro 

• Manufacturing 

 

WHO WE ARE 

• Maritime 

• Mining 

• Nuclear 

• Oil & Gas 

• Pulp & Paper 

• Railroad 

• Shipbuilding 

• Wind Energy 
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The World's Greatest 

Organizations Trust 

ITI's Expertise with 

their Crane & Rigging 

Operations 

 

OUR CUSTOMERS 
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SHOWCASE  
WEBINAR SERIES 
Past Presentations: 

• How to Manage a Crane Accident 
• Automation - Equipment Inspection and Asset Management 
• 10 Points of Lift Plan Development 
• 9 Questions You Must Ask When Selecting a Crane and Rigging Training Provider 
• Crane Accident Investigation 
• Terex Presents: Ground Condition and Preparation for Mobile Cranes 
• Rigger & Signal Person 1926.1400 
• Ground Condition Surveys & Stabilization Techniques 
• Winch, Drag or Roll?  

 

Today's Presentation: 

Ground Bearing Pressure: Practical Applications for Lifts of All Sizes 

Coming up Next: 

Load Distribution: Trolley Beams and 2-Crane Picks 
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Mr. Parnell has a wealth of knowledge regarding cranes, 

rigging, and lifting activities throughout a variety of 

industries. 

• 30+ years learning about wire rope, rigging, load handling, 

and lifting activities. 

• Vice Chair of the ASME B30 Main Committee which sets 

the standards in the U.S. for cranes and rigging. 

• Chair of the AMSE P30 Main Committee which sets the 

standards for lift planning. 

ASME standards are also adopted by many countries around 

the world. 

MIKE PARNELL– ABOUT YOUR HOST 

The views expressed in this presentation are that of ITI and are not necessarily the views of the ASME or any of its committees. 
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Mr. Jatho is still a newcomer to the heavy lift industry with only 

three years experience, but in that time has achieved 100+ 

Critical Lifts planned and executed without incident:  

• In environments including oil refineries, chemical plants, 

fertilizer plants, windfarms, and nuclear power plants 

• Involving cranes as large as 750 tonnes in capacity, and 

currently developing preliminary plans for the new Liebherr 

1000 tonne crane. 

• All while developing his own tools and software to aid in 

the lift planning process 

 

JIM JATHO – ABOUT YOUR GUEST SPEAKER 

The views expressed in this presentation are that of ITI and are not necessarily the views of the ASME or any of its committees. 
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Ground Bearing Pressure: 
Practical Applications for Lifts of All Sizes 



going the distance…since 1947 

bucknercompanies.com 



Rankings 

National Ranking 
American Crane and Transport  

#13-most cranes (Total Lift Capacity) 

#7- largest crane 

#8-largest crawler crane fleet 

 

 

Engineering News Record 

#9-Steel Erection 

 

 

World Ranking 
International Crane 

#22- most cranes (Total Lift Capacity) 

 



Our Fleet 



The Reason 



The Reason 



The Data 

- LR 11350, 102m Main Boom, 
42m Derrick with Ballast Tray 
 
- 2,185 tonnes gross crane 
weight 

 
- 39.02 tonnes / m² 
(7,993lbs/ft²) Beneath tracks 
 
- “The LR11350 was only 
working at 82% of the Load 
Chart” 



TL Track bearing length 37.00 ft Soil Bearing Method Mat Strength Method Ground bearing pressure: 

C Bearing width of track 5.90 ft P Load applied to one mat 188,635 lbs P Crane load applied to one mat 188,635 lbs 79.16% of allowable capacity 

TTL Track toe load 7,993 lbs/ft² Areqd Required mat bearing area 48.16 ft2 Lc 
Cantilevered length of mat 4.66 ft Bending stress in mat: 

THL Track heel load 7,993 lbs/ft² Lreqd Required effective length 12.04 ft q GBP due to P 3,101 lbs/ft² 99.98% of allowable capacity 

B Mat width 4.0 ft Lc Cantilevered length of mat 3.07 ft M Bending moment in the mat 1,612,439 lb-in Shear stress in mat: 

W Mat Length 20.0 ft q GBP due to P 3,917 lbs/ft² fb Bending stress due to M 1400 lbs/in² 59.02% of allowable capacity 

d Mat thickness 12.0 in M Bending moment in the mat 885,909 lb-in V Shear in the mat 45,329 lbs 

W Weight of mat 4,000 lbs fb Bending stress due to M 769 lbs/in² fv 
Shear stress due to V 118 lbs/in² 

qa Allowable GBP 4,000 lbs/ft² V Shear in the mat 32,430 lbs qt 
actual GBP 3,166 lbs/ft² 

Fb Allowable bending stress 1,400 lbs/in² fv Shear stress due to V 84 lbs/in² 

Fv Allowable shear stress 200 lbs/in² qt Maximum GBP 4,000 lbs/ft² 

Pressure Beneath Mats: 3,166 lbs/ft² Leff Assumed effective length 15.21 ft 



Where This Started 



The Source 

- Mat Length Based on Soil 
Bearing Capacity 
 

- Mat Length Based on Mat 
Strength 



Mat Length Based on 

Soil Bearing Capacity 



Mat Length Based 

on Mat Strength 



Combining The Methods 

TL Track bearing length 37.00 ft Soil Bearing Method Mat Strength Method Ground bearing pressure: 

C Bearing width of track 5.90 ft P Load applied to one mat 188,632 lbs P Crane load applied to one mat 188,632 lbs 79.15% of allowable capacity 

TTL Track toe load 7,993 lbs/ft² Areqd Required mat bearing area 48.16 ft2 Lc 
Cantilevered length of mat 4.66 ft Bending stress in mat: 

THL Track heel load 7,993 lbs/ft² Lreqd Required effective length 12.04 ft q GBP due to P 3,100 lbs/ft² 99.98% of allowable capacity 

B Mat width 4.0 ft Lc Cantilevered length of mat 3.07 ft M Bending moment in the mat 1,612,411 lb-in Shear stress in mat: 

W Mat Length 20.0 ft q GBP due to P 3,917 lbs/ft² fb Bending stress due to M 1400 lbs/in² 59.02% of allowable capacity 

d Mat thickness 12.0 in M Bending moment in the mat 885,851 lb-in V Shear in the mat 45,329 lbs 

W Weight of mat 4,000 lbs fb Bending stress due to M 769 lbs/in² fv 
Shear stress due to V 118 lbs/in² 

qa Allowable GBP 4,000 lbs/ft² V Shear in the mat 32,428 lbs qt 
actual GBP 3,166 lbs/ft² 

Fb Allowable bending stress 1,400 lbs/in² fv Shear stress due to V 84 lbs/in² 

Fv Allowable shear stress 200 lbs/in² qt Maximum GBP 4,000 lbs/ft² 

Pressure Beneath Mats: 3,166 lbs/ft² Leff Assumed effective length 15.21 ft 



Applications of Crane Mats 

- Outrigger pads under outriggers 
- Hardwood mats under outriggers 
- Hardwood mats under crawler tracks 



Outrigger Pads 



Outrigger Pad Data 

LOAD CAPACITY OF 
UHMW PADS (pounds) 

WIDTH LENGTH THICKNESS LBS IN² FT² 
 

VERTICAL 45 ANGLE 

55,000 30,000 18″ 18″ 1″ 11 324 2.25 

60,000 35,000 22″ 24″ 1″ 19 528 3.66 

60,000 35,000 24″ 24″ 1″ 20 576 4 

62,000 40,000 24″ 24″ 2″ 38 576 4 

81,000 41,000 30″ 30″ 1″ 31 900 6.25 

85,000 43,000 30″ 30″ 2″ 62 900 6.25 

93,000 43,000 36″ 36″ 1″ 45 1296 9 

98,000 45,000 36″ 36″ 2″ 90 1296 9 

140,000 55,000 48″ 48″ 2″ 160 2034 14.125 



Outriggers on Crane Mats 



Transition Mats 



Transition Mats 



Crawlers on Mats 



Crawler Example 



TL Track bearing length 31.49 ft Soil Bearing Method Mat Strength Method Ground bearing pressure: 

C Bearing width of track 5.90 ft P Load applied to one mat 207,087 lbs P Crane load applied to one mat 207,087 lbs 99.95% of allowable capacity 

TTL Track toe load 8,784 lbs/ft² Areqd Required mat bearing area 52.77 ft2 Lc 
Cantilevered length of mat 3.65 ft Bending stress in mat: 

THL Track heel load 8,640 lbs/ft² Lreqd Required effective length 13.19 ft q GBP due to P 3,922 lbs/ft² 77.76% of allowable capacity 

B Mat width 4.0 ft Lc Cantilevered length of mat 3.65 ft M Bending moment in the mat 1,254,050 lb-in Shear stress in mat: 

W Mat Length 30.0 ft q GBP due to P 3,924 lbs/ft² fb Bending stress due to M 1089 lbs/in² 54.13% of allowable capacity 

d Mat thickness 12.0 in M Bending moment in the mat 1,252,288 lb-in V Shear in the mat 41,574 lbs 

W Weight of mat 4,000 lbs fb Bending stress due to M 1,087 lbs/in² fv 
Shear stress due to V 108 lbs/in² 

qa Allowable GBP 4,000 lbs/ft² V Shear in the mat 41,541 lbs qt 
actual GBP 3,998 lbs/ft² 

Fb Allowable bending stress 1,400 lbs/in² fv Shear stress due to V 108 lbs/in² 

Fv Allowable shear stress 200 lbs/in² qt Maximum GBP 4,000 lbs/ft² 

Pressure Beneath Mats: 3,998 lbs/ft² Leff Assumed effective length 13.20 ft 



The Actual Report 



Hard vs. Soft Ground 



Hard vs. Soft Ground 



Hard vs. Soft Ground  

% Difference in 
bearing area Soft Ground Hard Ground 

Length (in) Width (in) Area (in²) Length (in) Width (in) Area (in²) 

777 257.5 47.3 12179.75 209 20.3 4242.7 287% 

888 296 47.3 14000.8 240 20.3 4872 287% 

999 296 47.3 14000.8 240 20.3 4872 287% 

16000 355 60 21300 296.5 50 14825 144% 

18000 414.5 60 24870 348 50 17400 143% 

LR 11000 385.82 78.74 30379.47 377.95 70.86 26781.54 113% 



Hard Ground Numbers 



Soft Ground Numbers 





Hard vs. Soft Tables 

TL Track bearing length 32.15 ft Soil Bearing Method Mat Strength Method Ground bearing pressure: 

C Bearing width of track 6.56 ft P Load applied to one mat 203,807 lbs P Crane load applied to one mat 203,807 lbs 83.04% of allowable capacity 

TTL Track toe load 7,776 lbs/ft² Areqd Required mat bearing area 51.95 ft2 Lc 
Cantilevered length of mat 4.54 ft Bending stress in mat: 

THL Track heel load 7,632 lbs/ft² Lreqd Required effective length 12.99 ft q GBP due to P 3,258 lbs/ft² 99.92% of allowable capacity 

B Mat width 4.0 ft Lc Cantilevered length of mat 3.21 ft M Bending moment in the mat 1,611,557 lb-in Shear stress in mat: 

W Mat Length 30.0 ft q GBP due to P 3,923 lbs/ft² fb Bending stress due to M 1399 lbs/in² 60.07% of allowable capacity 

d Mat thickness 12.0 in M Bending moment in the mat 972,557 lb-in V Shear in the mat 46,130 lbs 

W Weight of mat 4,000 lbs fb Bending stress due to M 844 lbs/in² fv 
Shear stress due to V 120 lbs/in² 

qa Allowable GBP 4,000 lbs/ft² V Shear in the mat 34,742 lbs qt 
actual GBP 3,322 lbs/ft² 

Fb Allowable bending stress 1,400 lbs/in² fv Shear stress due to V 90 lbs/in² 

Fv Allowable shear stress 200 lbs/in² qt Maximum GBP 4,000 lbs/ft² 

Pressure Beneath Mats: 3,322 lbs/ft² Leff Assumed effective length 15.64 ft 

TL Track bearing length 31.49 ft Soil Bearing Method Mat Strength Method Ground bearing pressure: 

C Bearing width of track 5.90 ft P Load applied to one mat 207,087 lbs P Crane load applied to one mat 207,087 lbs 90.36% of allowable capacity 

TTL Track toe load 8,784 lbs/ft² Areqd Required mat bearing area 52.77 ft2 Lc 
Cantilevered length of mat 4.35 ft Bending stress in mat: 

THL Track heel load 8,640 lbs/ft² Lreqd Required effective length 13.19 ft q GBP due to P 3,546 lbs/ft² 99.85% of allowable capacity 

B Mat width 4.0 ft Lc Cantilevered length of mat 3.65 ft M Bending moment in the mat 1,610,382 lb-in Shear stress in mat: 

W Mat Length 30.0 ft q GBP due to P 3,924 lbs/ft² fb Bending stress due to M 1398 lbs/in² 61.87% of allowable capacity 

d Mat thickness 12.0 in M Bending moment in the mat 1,252,288 lb-in V Shear in the mat 47,516 lbs 

W Weight of mat 4,000 lbs fb Bending stress due to M 1,087 lbs/in² fv 
Shear stress due to V 124 lbs/in² 

qa Allowable GBP 4,000 lbs/ft² V Shear in the mat 41,541 lbs qt 
actual GBP 3,614 lbs/ft² 

Fb Allowable bending stress 1,400 lbs/in² fv Shear stress due to V 108 lbs/in² 

Fv Allowable shear stress 200 lbs/in² qt Maximum GBP 4,000 lbs/ft² 

Pressure Beneath Mats: 3,614 lbs/ft² Leff Assumed effective length 14.60 ft 



Liebherr – Hard vs. Soft? 

LR 1400, LR 1600, and LR 1750 have no additional allowance for bearing area in Liccon 



Load Case Scenarios 



Printed Large Dataset 



Printed Large Dataset 



GBP Analysis Animation 



Summary 

- Are all timbers of the mat being loaded when under an outrigger? 
- Is the full length of the mat being considered as “effective”? 

- If so, what are the bearing and shear stresses in the mat? 
- If not, what effective length is bearing into the soil? 

- Have all worst case scenarios been considered? 
- Empty hook conditions? 
- Worst case swing angles? 
- Crane erection? 

- Are hard ground or soft ground numbers being used for crawler track 
pressures? 
- Does the effective bearing area of the tracks match the soft/hard 

ground condition? 
- If soft ground numbers are being used, what is the justification? 



QUESTIONS? 
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